The possibility of using boundary layer control to prevent corrosion of the container walls is also investigated. It is shown that with a suitable injection gas the concentration of H 2 S at the surface can be reduced to a low enough level to stop the corrosion process. - 
2-Preface
In view of the present energy shortage the technical world is developing new energy related technologies. To ease the dependence on petroleum, the United States is turning to its large coal reserves as one potential source of energy. Processing coal into liquid or gas products could be a beneficial way to utilize this fuel. To do so requires that a new high temperature technology be developed. The erosion and corrosion behavior of the materials in a coal conversion plant must be determined in order to design a plant with an economical service life. The corrosion rates alone can be so high that a part will fail after a few weeks in operation. Erosion degradation can reduce the useable life of the component still further. The fluid flow field which supplies reactive gas to the materials surface needs to be defined to establish the actual gas composition at the gas-solid reaction site.
This definition of gas composition requires an understanding of the diffusion process and how the viscous fluid motion affects the diffusion of the reacting gas to the wall surface. This paper will discuss the diffusion of a gaseous component, H 2 S, in a complex gas mixture. The effects of the fluid flow in the fully developed and entrance regions for both laminar and turbulent flow conditions will be examined. The diffusion profiles for the conditions of an operating coal gasifier will be discussed. Finally the potential use of boundary layer control to dictate the concentration of the reacting species at the surface will be examined. In this problem we are concerned with the effect of the flow field on the diffusion of H 2 S toward the container walls. The primary reaction in the gas concerning H 2 S is the dissociation reaction:
S: this can be assumed to be infinitely fast (with respect to the diffusion process) and thus H 2 S will always be in equilibrium.
Since the dissociation reaction will replenish H 2 S in the flow as it is used up at the walls, the effect will be to reduce any gradients which the diffusion process creates. Hence if we assume that the concentration of H 2 S is unchanged by chemical reactions occurring in the gas phase (frozen composition), it will yield a worst case for this study. Bulk viscosity is negligible 2) Constant properties 3) Viscous dissipation negligible 4) Pressure gradient diffusion negligible 5) Dufour and Soret effects negligible The energy equation can be written:
and the conservation of species equation can be written:
It can be shown that under the assumption of Le = a/D. = 1, and those l given above, these equations will reduce to
where p is a "conserved" property. p = m., i and for constant specific heats p =Taswell. J A = k/c or pD. which ever is appropriate. The boundary condition at the interface can be written
A~ I
~= ~w pw-pt (4) where pt is the value of p at the "Transferred substance state", pw is the * value of p at the wall. * The Transferred substance state is the state far enough into the boundary such that all transfers occur by convection and hence there are no gradients of any kind. This is explained well in Ref. 7 . With the assumptions made, the mass transfer and the heat transfer problems are the same. Now we can draw on the vast background in heat transfer to solve the problem at hand. To use this information all we need do is recognize. Recall it is assumed that g = g; thus we can use the data for the case of no blowing.
Boundary Conditions
Solving for the mass flux rate at the wall it is assumed that the rate of chemical reaction at the wall is far less than the rate at which the reacting component is diffusing through the gas. In other words, the diffusion rate is sufficiently large to assure there will always be a reactive molecule at the material's surface. Thus, the boundary condition is one of a constant mass flux toward the material's surface. The magnitude of this flux is then given by the reaction rate of the corrosive agent with the surface of the material in question. 
Solutions to the
3) The case of both profiles developing (the entrance to a heated pipe) is similar to case 2 above; however, when both profiles are developing together, the value of the Nu is higher than if only the temperature profile is developing. form:
We assume that the chemical reaction rate is of the Arrhenius
where EA denotes the activation energy; R denotes the universal gas constant; A is a constant (in reality A is a weak function of temperature); K(T) is the rate constant.
,)
"' * Note Rao's data already includes the diffusion through the gas; thus this analysis gives a worse case.
** This is the gas composition typically fmmd in an HyGas plant. . th . tial energy integral (tabulated in Ref. 6 ).
The Diffusion Coefficient for a gas mixture can be approximated with high accuracy by Eq. 7
1-X. )(T*) denotes the collision cross section integral.
The approximate mixing formula (Eq. 9) employed binary diffusivities and proved to be easier than the more precise formula employing large matrices. A simple weighted arithmetic average is used (Eq. 11) to find the thermal conductivity for the mixture. 
1=
The results are given in Table 1 .3.
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Summary
The Lewis number for this gas is about 1 (the molecular Lewis number= .9527, the turbulent Le=l) and all the other assumptions listed in Section 1.1.1 are reasonable for this case. 
CONTROLLING THE CONCENTRATION PROFILE
The remainder of this survey discusses the results of various authors covering the effects of injection through a porous wall. The effect of the heat transfer and thus the mass diffusion for both laminar and turbulent profiles will be described. Finally the condition of a typical coal gasifying plant will be investigated.
* This is for a Re = 2go,ooo so the actual difference will be less, since the Nu scales as Re" for turbulent flow. It is assumed that for turbulent flow the law of the wall type profile is appropriate. Hence the profile is such that the concentration at infinity (for flow over a flat plate) and the center line concentration (for flow in a pipe) will be about equal. 
If the injected gas is assumed to consist of the products of the gasifier with H 2 S removed, then the gas composition would be; Since H 2 appears in both the injected gas as well as an element in the reaction of H 2 s, an iterative technique was used to determine the PH S at the surface of the material. It was also shown that by injecting an inert gas through the wall the corrosion potential of the gas at the wall surface could be markedly decreased. The formation of FeS could, thereby, be reduced to near 0. 
